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a b s t r a c t
The aim of this study is the development of validated HPTLC method for the quantification of vitexin from
Passiflora foetida commercial herbal formulations. The developed method was validated, in accordance
with ICH guidelines for precision, accuracy, specificity and robustness. The plate was developed using
ethyl acetate:methanol:water:formic acid 30:4:2:1(%, v/v/v/v) on 20  10 cm glass coated silica gel 60
F254 plates and the developed plate was scanned and quantified densitometrically at k = 340 nm.
Linear regression analysis revealed a good linear relationship between peak area and amount of vitexin
in the range of 100–700 ng/spot. The amount of vitexin in nine commercial herbal formulations was suc-
cessfully quantified by the developed HPTLC method. The developed and validated high performance thin
layer chromatographic method offers a new sensitive and reliable tool for quantification of vitexinin in
various herbal formulations containing Passiflora foetida.
 2019 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
Traditional systems of medicines and medicinal plants play an
important role in many Asian countries as a common remedy for
many diseases. Medicinal plants are rich sources of bioactive com-
pounds and thus serve as an important raw material for drug pro-
duction and have become a target for the search of new drugs
(Aseervatham et al., 2011). Passiflora is the largest genus in the
Passifloraceae family and comprises nearly 500 species Passiflora
foetida L. (P. foetida) (Stinking passion flower) is South American
in origin, which has been spread to many tropical areas (Sasikala
et al., 2011).
Its leaves, fruit and flower contain components such as tannins,
coumarin alkaloids, flavonoids, tyrosine, and glycine (Reddy et al.,
2006). The ethanobotanical views of P. foetida L. suggest that
decoction of flower can be used to treat asthma, bronchitis and
whooping cough (Saraswathy et al., 2014; Mijin et al., 2017). In
various traditional systems of medicine, the plant can be used for
treating urinary infection, anxiety, migraine, nervousness, and
insomnia. Leaves and root decoction is emmenagogue, used in hys-
teria and leaf paste is applied on the head for giddiness and head-
ache and skin disease (Zibadi and Watson, 2004; Akhondzadeh
et al., 2001). Traditionally, the plant has been used for its proper-
ties like antiproliferative, sedative, anti-anxiety, antibacterial,
leishmanicidal, antispasmodic, emetic, dressing for wounds and
antiulcer (Puricelli et al., 2003; Dhawan et al., 2004).
The major phytoconstituents of Passiflora foetida are alkaloids,
phenols, glycosides, flavonoids, cyanogenic compounds, passi-
floricins, polypeptides and alpha-pyrones (Ingale and Hivrale,
2010; Elsas et al., 2010; Gadioli et al., 2018). Vitexin (Fig. 1), a nat-
ural flavonoid compound identified as apigenin-8-C-b-D-glucopyra
noside, a chemical compound found in the passion flower, possess
to have anticancer (Yang et al., 2013) antioxidant (Borghi et al.,
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2013), anti-viral (Krcatovic et al., 2008) anti-inflammatory
(Bahareh et al., 2017), anti-thyroid, anti-arteriosclerotic (Gaitan
et al., 1995), antihypertensive (Prabhakar et al., 1981) and antihep-
atotoxic (Hoffmann-Bohm et al., 1992) properties.
Numerous methods have been reported on the quantification of
vitexin in different plants by chromatographic methods like HPTLC
(Aussavashai et al., 2016; Shivraj and Se, 2015; Jin et al., 2010),
HPLC (Chang-He et al., 2011; Sagaradze et al., 2017; Liu et al.,
2004) and UHPLC-DAD (Paula et al., 2018). Aussavashai et al.,
reported the quantification of vitexin in Passiflora foetida leaves
using HPTLC. The method found to have low linearity range with
high Rf value (Bahareh et al., 2017). The other two HPTLC methods
by Gaitan et al. (1995) and Prabhakar et al. (1981) was on the
simultaneous quantification of vitexin along with various other fla-
vonoids was reported on some other plant species.
In this context it is necessary to develop HPTLC analytical
method for vitexin, through which the standardization of this
important herb can be established. More over the research will
help in evaluating the usefulness of this flavonoid as a chemical
marker of the analyzed species. The goal of the present research
was to develop an analytical technique for the qualitative and
quantitative determination of the flavonoid vitexin, in some herbal
formulations containing Passiflora foetida as main ingredient using
HPTLC.
2. Experimental
2.1. Standard and chemicals
Reference standard vitexin was purchased from Sigma-Aldrich,
St. Louis, MO, USA. Acetone, methanol, ethyl acetate, distilled
water and other chemicals used were of analytical reagent (AR)
grade. Different commercial passiflora formulations were collected
from different shops in Turkey.
2.2. Preparation of standard solution
Accurately weighed 10 mg of standard vitexin (purity 98%)
was dissolved in methanol in a 10-mL volumetric flask; 1 mL accu-
rately measured was transferred to another 10 mL volumetric flask
and completed to volume with methanol to get a concentration of
100 lg/mL. Different volumes of working standard, i.e., 1, 2, 3, 4, 5,
6 and 7 (100, 200, 300, 400, 500, 600 and 700 ng, respectively),
were applied on TLC. The calibration curve was plotted in the range
of 100–700 ng/spot, using data of peak areas against the
corresponding amount per spot. The standard solution was stored
in refrigerator at 4 C.
2.3. Preparation of extract for HPTLC analysis
The samples (5 g) from each sample were extracted by macera-
tion in methanol (3 100 mL) at room temperature. Extracts were
separately evaporated under reduced pressure using rotary vac-
uum evaporator. The concentrated extracts were transferred to
50 mL volumetric flask and made up the volume with methanol
and kept in refrigerator for analyses.
2.4. Chromatographic conditions
HPTLC analysis was performed on 10  20 cm glass-backed
HPTLC plates coated with 0.2 mm layers of silica gel 60 F254 (Merck,
Darmstadt, Germany). The standard and sample solutions were
applied to the TLC plates as 6 mm bands using a Camag Automatic
TLC Sampler 4 (ATS4) sample applicator (Switzerland) fitted with a
Camag microlitre syringe. A constant application rate of 150 nl/s
was used. Linear ascending development of the plates to a distance
of 8 cm was performed with ethyl acetate:methanol:water:formic
acid 30:4:2:1 (%, v/v/v/v) as mobile phase in a Camag Automatic
Developing Chamber 2 (ADC2) previously saturated with mobile
phase vapor for 30 min at 22 C.
2.5. Detection and quantification
The developed plate was scanned and quantified densitometri-
cally at 340 nm. Linear regression analysis revealed a good linear
relationship between peak area and amount of vitexin in the range
of 100–700 ng/band.
2.6. Method validation
The validation of analytical procedures of HPTLC method was
performed according to the guidelines of international conference
on harmonization (ICH). The linearity of the method for vitexin
was checked between 100 and 700 ng/spot and concentration
was plotted against peak area.
Accuracy, as recovery, was determined by the standard
addition method. Pre-analyzed samples of vitexin (200 ng/spot)
were spiked with extra amounts of vitexin (0, 50, 100 and 150%)
and the mixtures were reanalyzed. Percentage recovery and
relative standard deviation (RSD, %) were calculated for each
concentration level.
Precision was assessed by determination of repeatability and
intermediate precision. Repeatability of sample was determined
as intra-day variation whereas intermediate precision was
determined by assessment of inter-day variation for analysis of
vitexin at three different amounts (300, 400 and 500 ng/spot) in
six replicate.
Robustness of the proposed TLC densitometric method was
determined to evaluate the influence of small deliberate changes
in the chromatographic conditions like mobile phase composition,
mobile phase volume, duration of mobile phase saturation and
activation of HPTLC plates during the determination of vitexin.
Limit of detection (LOD) and limit of quantification (LOQ) were
determined by standard deviation (SD) method. They were calcu-
lated from the slope of the calibration (S) curve and SD of the blank
sample using following equations:
LOD ¼ 3:3SD=S
LOQ ¼ 10SD=S
The standard deviation of the response was determined based










Fig. 1. The chemical structure of vitexin.
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Specificity of the proposed TLC densitometric was confirmed by
analyzing and comparing the Rf values and UV spectra of the spot
for vitexin in the samples with that of the standards.
2.7. Quantification of vitexinin in methanolic extract
The test samples were applied and chromatograms were
obtained under the same conditions as for analysis of standard
vitexin. The area of the peak corresponding to the Rf value of
vitexin standard was recorded and the amount present was calcu-
lated from the regression equation obtained from the calibration
plot.
3. Results and discussion
3.1. Method development
The mobile phase composition was optimized to establish a
suitable and accurate densitometric HPTLC method for analysis
of vitexin. The mobile phase ethyl acetate:methanol:water:formic
acid 30:4:2:1 (%, v/v/v/v) resulted in well resolved peak, compact
and symmetrical at Rf value of 0.49 ± 0.01 (Fig. 2). UV spectra mea-
sured for the bands showed maximum absorbance at approxi-
mately 340 nm.
3.2. Method validation
The calibration plot of peak area against amount of vitexin was
linear in the range 100–700 ng/spot. Linear regression data for the
plot confirmed the good linear relationship (Table 1). The correla-
tion coefficient (R2) was 0.9966 which was highly significant
(P < 0.05). The linear regression equation was Y = 13.88x + 1459,
where Y represents the UV absorption while X is the concentration
of vitexin (Table 1).
Accuracy was expressed as percentage recovery. The accuracy
of the method, as recovery, was 97.83–99.33%, with RSD values
in the range 0.45–1.32. These results indicated the accuracy of
the method (Table 2).
Precision was expressed as percentage coefficient of variation
(% CV) of measured concentrations for each calibration level.
Results from determination of repeatability and intermediate pre-
cision, expressed as SD (%) are shown in Table 3. RSD was in the
range 0.36–0.66 for repeatability and 0.47–0.93 for intermediate
precision. These low values indicated that the method is precise.
Results of robustness are shown in Table 4. Low values of % RSD
(0.35–0.38) were obtained after introducing small deliberate
change into the densitometric TLC procedure proved the robust-
ness of the proposed HPTLC method. LOD and LOQ of the proposed
method was found to be 6.51 and 15.12 ng/spot, for vitexin, which
indicated that the proposed method can be used in wide range for
detection and quantification of vitexin effectively.
The peak purity of vitexin was assessed by comparing the over-
laid spectra at peak start, peak apex and peak end position of the
spot. The overlaid spectra of vitexin standards and samples were
given in Fig. 7.
3.3. Quantification of vitexinin in methanolic extract
Vitexin peaks from methanolic extract of samples were identi-
fied by comparing their single spot at Rf = 0.20 ± 0.01 (Figs. 3–6)
values with those obtained by chromatography of the standard
under the same conditions. The vitexin content in methanol extract
of different passiflora samples were quantified using the obtained
linear regression equation (Fig. 8). The result of the analysis proved
that the content of vitexin in passiflora samples can be quantified
Fig. 2. HPTLC densitogram of standard Vitexin.
Table 1
Linear regression data for the calibration curve of vitexin (n = 6).
Linearity range (ng/spot) 100–700
Regression equation Y = 13.88x + 1459
Correlation coefficient 0.9966
Slope ± SD 13.88 ± 0.1894
Intercept ± SD 1459 ± 73.76
Standard error of slope 0.07625
Standard error of intercept 3.34
95% confidence interval of slope 4.513–5.143
95% confidence interval of intercept 820–987.2
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using the newly developed HPTLC method (Table 5). The method
was found to be sensitive enough for the successful analysis of
vitexin even in low quantities. It was also demonstrated that peaks
of vitexin in samples were well resolved and did not merged with
any impurity or any other constituent of drug aswell as formulation
4. Discussion
The developed HPTLC procedure allows a simple but effective
solution for the estimation of vitexin in various herbal formula-
tions with a short analysis time and with satisfactory UV detection.
The methods reported by Aussavashai et al., on the quantification
of vitexin in P. foetida leaves using HPTLC using ethyl acetate:
methanol:distilled water:formic acid (50:2:3:6 (v/v) with Rf 0.70
and linearity range of 2.5–17.5 mg/mL. Comparing to this earlier
method, our method has a much better Rf (0.49) and linearity range
of 100–700 ng/spot which make the method more sensitive. When
comparing with the HPLC method on vitexin, the HPTLC method
have the advantage of simultaneous analysis of several analytes
using small amounts of mobile phase, with minimum analysis time
and cost.
Table 2
Accuracy of the proposed method (n = 6).
Excess drug added to analyte (%) Theoretical content (ng) Conc. found (ng) ± SD % Recovery % RSD
0 200 195.67 ± 2.58 97.83 1.32
50 300 294.83 ± 2.32 98.28 0.79
100 400 396.50 ± 3.83 99.13 0.97
150 500 496.67 ± 2.25 99.33 0.45
Table 3
Precision of the proposed method.
Conc. (ng/spot) Repeatability (Intraday precision) Intermediate precision (Interday)
Area ± SD (n = 6) Standard error % RSD Area ± SD (n = 6) Standard error % RSD
300 5693.00 ± 21.73 8.87 0.38 5698.17 ± 34.34 14.02 0.60
400 7061.17 ± 25.11 10.25 0.36 7062.83 ± 33.50 13.68 0.47
500 8431.50 ± 55.99 22.86 0.66 8496.50 ± 79.27 32.37 0.93
Table 4
Robustness of the proposed HPTLC method.
Conc. (ng/spot) Mobile phase composition (Ethyl acetate:Methanol:Water:
Formic acid)
Results
Original Used Area ± SD (n = 6) % RSD Rf
30.2:3.8:2:1 +0.2 8396.50 ± 87.20 1.04 0.48
500 30:4:2:1 30:4:2:1 0.0 8429.83 ± 56.12 0.67 0.49
29.8:4.2:2:1 0.2 8429.83 ± 35.63 0.42 0.51
Fig. 3. HPTLC densitogram of Passiflora foetida containing herbal formulation (HS).
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Fig. 5. HPTLC densitogram of Passiflora foetida containing herbal formulation (DT).
Fig. 4. HPTLC densitogram of Passiflora foetida containing herbal formulation (ET).
Fig. 6. HPTLC densitogram of Passiflora foetida containing herbal formulation (MC).
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5. Conclusion
The HPTLC method developed for quantification of vitexin was
found to be simple, accurate, reproducible and sensitive. Statistical
data prove that the method is reproducible and selective for the
analysis of vitexin with added advantages of short time, minimal
sample preparation, in addition to the low cost.
Acknowledgment
This project was supported by Support Research Projects with
Global Partnership Program, Deanship of Scientific Research, Prince
Fig. 8. The linearity graph of standard vitexin.
Fig. 7. Overlay UV absorption spectra of standard vitexin and Passiflora foetida containing herbal formulations.
Table 5
Contents of vitexin in herbal formulations
(n = 3).
Samples Contents mean ± SD (% w/w)
DT 0.012 ± 0.002
PF 0.051 ± 0.004
PM 0.043 ± 0.004
ST 0.021 ± 0.003
ET 0.027 ± 0.004
MC –
RT 0.060 ± 0.005
HS 0.071 ± 0.006
RR 0.067 ± 0.003
1162 A.I. Foudah et al. / Saudi Pharmaceutical Journal 27 (2019) 1157–1163
Sattam Bin Abdulaziz University, Al-Kharj, KSA. Grant No.
2019/03/10694. The authors would like to express their gratitude
to the Deanship of Scientific Research of Prince Sattam bin
Abdulaziz University Al-Kharj, for their assistance.
References
Akhondzadeh, S., Naghavi, H.R., Vazirian, M., Shayeganpour, A., Rashidi, H., Khani,
M., 2001. Passionflower in the treatment of generalized anxiety: a pilot double-
blind randomized controlled trial with oxazepam. J. Clin. Pharm. Ther. 26, 363–
367.
Aseervatham, J., Palanivelu, S., Panchanadham, S., 2011. Semecarpus anacardium
(Bhallataka) alters the glucose metabolism and energy production in diabetic
rats. Evid. Based Complement. Alternat. Med. 10, 1–9.
Aussavashai, S., Donruedee, S., Phanchana, S., Ian, H.F., Nalin, W., 2016. Quantitative
determination of vitexin in Passiflora foetida Linn. leaves using HPTLC. Asian Pac.
J. Trop. Biomed. 6, 216–220.
Bahareh, A.N., Farid, H., Mohtaram, A., Marjan, N.A., 2017. Anti-inflammatory effects
of quercetin and vitexin on activated human peripheral blood neutrophils. J.
Pharmacopuncture. 20, 127–131.
Borghi, S.M., Carvalho, T.T., Staurengo-Ferrari, L., Hohmann, M.S., Pinge-Filho, P.,
Casagrande, R., Verri Jr., W.A., 2013. Vitexin inhibits inflammatory pain in mice
by targeting TRPV1, oxidative stress, and cytokines. J. Nat. Prod. 76, 1141–1149.
Chang-He, W., Yu-Xuan, W., Hai-Jing, L., 2011. Validation and application by HPLC
for simultaneous determination of vitexin-200-O-glucoside, vitexin-200-O-
rhamnoside, rutin, vitexin, and hyperoside. J. Pharm. Anal. 1, 291–296.
Dhawan, K., Dhawan, S., Sharma, A., 2004. Passiflora: a review update. J.
Ethnopharmacol. 94, 1–23.
Elsas, S.M., Rossi, D.J., Raber, J., White, G., Seeley, C.A., Gregory, W.L., Mohr, C.,
Pfankuch, T., Soumyanath, A., 2010. Passiflora incarnata L. (Passionflower)
extracts elicit GABA currents in hippocampal neurons in vitro, and show
anxiogenic and anticonvulsant effects in vivo, varying with extraction method.
Phytomedicine 17, 940–949.
Gadioli, I.L., da Cunha, M.S.B., de Carvalho, M.V.O., Costa, A.M., Pineli, L.L.O., 2018. A
systematic review on phenolic compounds in Passiflora plants: exploring
biodiversity for food, nutrition, and popular medicine. Crit. Rev. Food Sci. Nutr.
58, 785–807.
Gaitan, E., Cooksey, R.C., Legan, J., Lindsay, R.H., 1995. Antithyroid effects in vivo and
in vitro of vitexin: a C-glucosyl flavone in millet. J. Clin. Endocrinol. Metab. 80,
1144–1147.
Hoffmann-Bohm, K., Lotter, H., Seligmann, O., Wagner, H., 1992. Antihepatotoxic C-
glycosylflavones from the leaves of Allophyllus edulis var. edulis and gracilis.
Planta Med. 58, 544–548.
Ingale, A.G., Hivrale, A.U., 2010. Pharmacological studies of Passiflora sp. and their
bioactive compounds. Afr. J. Plant Sci. 4, 417–426.
Jin, W., Feng, T., Yongde, Y., Xuefeng, G., Xi, Y., 2010. Development and validation of
an HPTLC method for simultaneous quantitation of isoorientin, isovitexin,
orientin, and vitexin in bamboo-Leaf flavonoids. J. AOAC Int. 93, 1376–1383.
Krcatovic, E., Rusak, G., Bezic, N., Krajacic, M., 2008. Inhibition of tobacco mosaic
virus infection by quercetin and vitexin. Acta Virol. 52, 119–124.
Liu, Z., Wang, L., Li, W., Huang, Y., Xu, Z.C., 2004. Determination of orientin and
vitexin in Trollius chinesis preparation by HPLC. Zhongguo Zhong Yao Za Zhi. 29,
1049–1051.
Mijin, K., Hee-Sook, L., Hae-Hyeog, L., Tae-Hee, K., 2017. Role identification of
Passiflora Incarnata Linnaeus: a mini review. J. Menopausal Med. 23, 156–159.
Paula, S., Geison, M.C., Diana, M.A., Freddy, R., Leonardo, C., 2018. Analysis of vitexin
in aqueous extracts and commercial products of Andean Passiflora species by
UHPLC-DAD. J. Appl. Pharm. Sci. 8, 81–86.
Prabhakar, M.C., Bano, H., Kumar, I., Shamsi, M.A., Khan, M.S., 1981. Pharmacological
investigations on vitexin. Planta Med. 43, 396–403.
Puricelli, L., Dell’Aica, I., Sartor, L., Garbisa, S., Caniato, R., 2003. Preliminary
evaluation of inhibition of matrix-metalloprotease MMP-2 and MMP-9 by
Passiflora edulis and P. foetida aqueous extracts. Fitoterapia 74, 302–304.
Reddy, K.N., Reddy, C.S., Trimurthulu, G., 2006. Ethnobotanical survey on
respiratory disorders in Eastern Ghats of Andhra Pradesh. Ethnobot. Leafl. 1, 16.
Sagaradze, V., Babaeva, E., Kalenikova, E., 2017. HPLC-UV method for determing
flavonoids in hawthorn flowers and leaves. Pharm. Chem. J. 51, 277–280.
Saraswathy, G.R., Sathiya, R., Anbu, J., Maheswari, E., 2014. Antitussive medicinal
herbs - an update review. Int. J. Pharm. Sci. Drug Res. 6, 12–19.
Sasikala, V., Saravana, S., Parimelazhagan, T., 2011. Evaluation of antioxidant
potential of different parts of wild edible plant Passiflora foetida L. J. Appl.
Pharm. Sci. 1, 89–96.
Shivraj, H.N., Se, W.P., 2015. HPTLC densitometry method for simultaneous
determination of flavonoids in selected medicinal plants. Front. Life Sci. 8,
97–103.
Yang, S.H., Liao, P.H., Pan, Y.F., Chen, S.L., Chou, S.S., Chou, M.Y., 2013. The novel p53-
dependent metastatic and apoptotic pathway induced by vitexin in human oral
cancer OC2 cells. Phytother. Res. 27, 1154–1161.
Zibadi, S., Watson, R., 2004. Passion fruit (Passiflora edulis): Composition, efficacy
and safety. J. Evid. Based Integr. Med. 3, 183–187.
A.I. Foudah et al. / Saudi Pharmaceutical Journal 27 (2019) 1157–1163 1163
